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EFFECT OF LEVEL OF PROTEIN AND SUPPLEMENTAL 
CHOLINE ON REPRODUCTIVE PERFORMANCE OF 
GILTS FED SORGHUM DIETS 1 
C. V. Maxwell 2, R. K. Johnson 3 and W. G. Luce 2 
Oklahoma Agricultural Experiment Station, Stillwater 74078 
ABSTRACT 
A total of 214 gilts was used (two trials) to determine the effect of protein level and choline 
supplementation during gestation on weight gain, conception rate and subsequent reproductive 
performance. The gihs were fed either a 12 or 16% crude protein sorghum-soybean meal diet 
containing either a high supplemental choline level or no supplemental choline in a 2 • 2 factorial 
arrangement of treatments Conception rate was not influenced by either protein or choline level. 
Choline ~pplementation increased pig weight at 42 d of age (P<.14) and litter weight at 21 
(P<.12) and 42 d (P<.I). Gilts fed the 16% protein diet produced larger pigs at 42 d (P<.13) and 
heavier litters at birth, (P<.l) 21 d (P<.14) and 42 d (P<.05) than gilts fed the 12% protein diet. A 
larger choline effect on litter size and pig and litter weight was observed for gihs fed the 12% pro- 
tein diet than for those fed the 16% gestation diet, although the protein-choline interaction was 
not significant for any traits measured. The incidence of spraddle leg condition was low and was 
not affected by level of dietary protein or ~applemental choline. 
(Key Words: Pigs, Choline, Protein Intake, Sorghum, Reproductive Performance.) 
Introduction 
Several studies have shown that supplemen- 
tal choline in corn-soybean meal (Kornegay and 
Meacham, 1973; Stockland and Blaylock, 1974, 
NCR-42 Committee on Swine Nutrition, 1976) 
or barley-wheat (Grandhi and Strain, 1981) 
gestation diets will increase litter size. No 
research as been reported concerning the need 
for choline in sorghum-based diets, although 
sorghum is a major feed ingredient in the 
southwest. 
Because higher amino acid values (NRC, 
1979) and higher amino acid digestibilities 
(Cousins et al., 1981; Easter, 1972) have been 
reported for corn than for sorghum, energy 
source may affect the amount of dietary 
l~rotein needed to meet requirements during 
gestation. Although many studies have been 
conducted to determine the effect of die- 
tary protein during gestation on subsequent 
reproductive performance with corn-based diets 
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(Baker et al., 1970a,b; Mahan and Mangan, 
1975), few studies have been conducted with 
sorghum-based diets (Haught et al., 1977). 
A growth response to supplemental choline 
has been demonstrated in the young pig fed low 
protein diets (Kroening and Pond, 1967; 
Russett et al., 1979a), but not higher protein 
diets(Bryant etal., 1977; Russett et al., 1979b). 
The relationship between protein and(or) 
methionine intake and the choline requirement 
for the gestating sow has not investigated. 
The objective of this study was to determine 
the effect of level of protein and choline 
supplementation  the reproductive perfor- 
mance of gestating swine fed sorghum-based 
diets. 
Experimental Procedure 
A total of 214 Hamphshire x Yorkshire, 
Duroc x Yorkshire and Duroc x Hampshire 
crossbred gilts was utilized in two trials. In each 
trial, 14 gilts were assigned randomly to each of 
eight pens so that there were approximately 
equal numbers of gilts from each breed group in 
each pen. Pens were assigned randomly to one 
of four dietary treatments using a 2 • 2 fac- 
torial arrangement with two levels of protein 
and two levels of supplemental choline (table 
1). The diet had a sorghum base, and soybean 
meal was adjusted to give either 12 or 16% 
crude protein. Zero vs 882 mg/kg supplemental 
1044 J. Anim. Sci. 1987. 64:1044-1050 
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TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS 
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Gestation diets 
Ingredient, % A B C D 
Milo, ground 86.31 86.31 75.17 75.17 
Soybean meal, 44% 10.02 10.02 21.32 21.32 
Dicalcium phosphate 1.66 1.66 1.42 1.42 
Calcium carbonate 1.01 1.01 1.09 1.09 
Salt .50 .50 .50 .50 
Vitamin trace mineral mixa .50 .50 .50 .50 
Antibiotic mixb .25 .25 .25 .25 
Choline (trial 1), mg/kg 882 882 
Choline (trial 2), mg/kg 551 551 
Crude protein, % 12 12 16 16 
avitamin-trace mineral premix supplied 660,000 IU vitamin A, 66,000 IU vitamin D3, 1,320 IU vitamin E, 
440 mg menadione sodium bisulfite, 880 mg riboflavin, 6.6 g niacin, 4.4 g pantothenic a id, 3.3 mg vitamin B~2 ,
44 mg 1, 19.8 g Fe, 4.4 g Mn, 2.2 g Cu and 19.8 g Zn per kg of premix. 
bsupplied 110 rag chlortetracycline, 110 mg sulfamethazine and 55 mg of penicillin per kg of feed. 
choline was compared in trial 1, and 0 vs 551 
mg/kg supplemental choline was compared in 
trial 2. The selected levels of choline supplemen- 
tation were based upon previous recommenda- 
tions by Kornegay and Meacham (1973). The 
level of choline in trial 2 was reduced because 
Stockland and Blaylock (1974) indicated that 
412 mg/kg of supplemental choline was as 
effective as 824 mg/kg. The gilts were fed once 
daily 2.04 kg in individual feeding stalls that 
did not allow gilts to be locked into the stalls. 
Before the initiation of the trial, gilts were fed a 
16% crude protein sorghum-soybean meal diet 
with 551 mg/kg of supplemental choline. 
Gilts were maintained in dirt lots and had 
fresh water available at all times. Portable 
housing was provided uring winter and a shade 
with sprinklers was provided uring the summer 
month s. 
Breeding was started about 1 wk after the 
gilts were placed on treatment. Gilts were 
checked daily for estrus and were hand mated 
to the same boar on two consecutive days. A 
2-mo breeding season was initiated on June 1 
for trial 1 and December 1 for trial 2. 
Gilts were fed a 16% crude protein lactation 
diet (diet D, table 1) once daily (2.04 kg/d) 
from the time they were moved into individual 
farrowing stalls at 110 d of gestation. After 
parturition, gilts were allowed to consume the 
lactation diet ad libitum for the duration of the 
42-d lactation period. All gilts were weighed at 
breeding, 110 d gestation and 42 d postpartum, 
when their litters were weaned. Pig weights 
were recorded at birth, 21 and 42 d of age. Pigs 
had access to creep feed from 21 to 42 d. 
All variables, with the exception of concep- 
tion rate, were analyzed by least-squares 
procedures (SAS, 1979) and conception rate 
was analyzed using chi square procedures (Steel 
and Torrie, 1980). Pens were the main plot 
experimental units for comparing diets, and 
gilts within pens were the experimental units 
for comparing breed and breed x diet inter- 
actions. The main plot analysis included the 
effects of trial (T), protein level (P), choline 
level (C), T • P, T • C, P • C, T • P x C 
interactions and pens within T x P x C sub- 
classes. Pens within T • P • C subclasses was 
the error for testing diet effects. The subplot 
analysis included the effects of breed (B) and B 
X T, B X P, B X CandBx Tx  Pinteractions. 
The residual mean square was used for testing 
subplot effects. It was not the intent of the 
experiment to compare breeds, and breed x 
diet interactions were not significant. Therefore, 
only the results of the main plot analysis will be 
presented. 
Results and Discussion 
Because there were no significant interactions 
between trial and dietary choline or protein for 
any of the variables measured, the pooled 
results of trials I and 2 are presented. 
Diet effects on farrowing rate, gestation gain 
and lactation gain are presented in table 2. 
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TABLE 2. EFFECT OF CHOLINE AND LEVEL OF PROTEIN ON 
CONCEPTION RATE AND WEIGHT GAIN OF GILTS 
Choline Protein 
0 + 12% 16% 
No. gilts I09 105 109 105 
First-service conception rate a, % 72.4 68.6 68.8 72.4 
Farrowing rate b, % 86.2 89.6 86.2 89.6 
Wt at breeding, kg c 127.9 + 1.1 127.7  + 1.1 125.3 + 1.1 130.2 + 1.1 
Gestation gain, kg 44.8 + 1.5 42.2 + 1.5 42.4 + 1.5 44.7 + 1.5 
Lactation gain, kg -3.1 + 2.0 -5.1 • 1.9 -2.9 • 2.0 -5.3 + 1.9 
aGilts that farrowed alitter after one breeding period. 
bGilts that farrowed alitter of pigs. 
Cprotein effect (P<.I). 
Neither first-service conception rate nor overall 
farrowing rate was affected by level of dietary 
choline or protein supplementation. This 
response is consistent with the results of 
Kornegay and Meacham (1973), who observed 
no significant effect of choline on conception 
rate through six parities. Stockland and Blay- 
lock (1974), however, reported a decrease in 
conception rate in gilts fed a corn-soybean meal 
diet with no supplemental choline. 
Gestation and lactation gain was not affected 
by level of dietary choline or protein. These 
observations are consistent with the results of 
Stockland and Blayloek (1974), who observed 
no effect of choline on gestation gain. They are 
in contrast, however, to the finding of Grandhi 
and Strain (1981) who, in one trial, observed 
reduced gain in gilts fed supplemental choline, 
but found that choline had no effect on gain in 
a second trial. Similar gestation gains have been 
reported for gilts fed a 12 or 16% protein 
(Holden et al., 1968) or a 13 or 17% protein 
(Mahan and Mangan, 1975) corn-soybean meal  
diet. The results of Haught et al. (1977) are 
consistent with our findings, suggesting that a 
12% protein sorghum-soybean meal diet during 
gestation will support maximum gestation gain. 
Neither litter size at birth, 21 or 42 d, nor 
piglet survival rate to 42 d were affected (P>.I)  
by dietary protein or choline level (table 3). 
The NCR-42 Committee on Swine Nutrition 
(1976) observed an increase in litter size of .5 
pigs/litter for litters weaned at 2 wk of  age. 
Grandhi and Strain (1981) reported an improve- 
ment in litter size at 5 wk of .77 pigs for Lac- 
ombe gilts; Stockland and Blaylock (1974) 
reported an improvement of .60 pigs weaned 
for sows that received supplemental choline 
compared with sows that received the unsup- 
plemental diet. Kornegay and Meacham (1973), 
however, failed to observe an effect of choline 
on litter size weaned, although choline supple- 
mentation increased litter size at birth. Grandhi 
and Strain (1981) observed no effect of choline 
on litter size weaned in Yorkshire gilts or in 
gilts fed supplemental choline during the 
summer months. 
A consistent effect of both choline supple- 
mentation and protein level during gestation on 
subsequent pig and litter performance traits was 
evident (table 3). Gilts that received the diet 
with supplemental choline produced larger 
(P<.14) pigs at 42 d than gilts fed the unsupple- 
mented control diet, and gilts fed the 16% 
protein diet produced larger (P<.13) pigs at 42 
d than gilts fed the 12% protein diet. Similarly, 
litter weight was improved at 21 d (P<.12) and 
42 d (P<.I)  for gilts fed the supplemental 
choline diets (3.15 and 5.92 kg, respectively) 
when compared with the unsupplemented 
control gilts. Gilts fed the 16% protein diet also 
had heavier litters at birth (P<.I),  21 d (P<.14) 
and 42 d (P<.05) than gilts fed the 12% protein 
diet. 
The consistent improvement in litter perfor- 
mance traits as a result of increased choline in 
our study apparently is due to a slight but 
nonsignificant increase in number of pigs, as 
well as an improvement in pig weight. Previous 
researchers have consistently reported a choline 
effect on litter size (Kornegay and Meacham, 
1973; Stockland and Blaylock, 1974; NCR-42 
Committee on Swine Nutrition, 1978), although 
studies in which corn-based diets were used 
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TABLE 3. THE EFFECT OF SUPPLEMENTAL CHOLINE AND LEVEL OF PROTEIN 
ON LITTER SIZE, SURVIVAL RATE AND PIG AND LITTER WEIGHT 
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Choline Protein main 
Item 0 + effect a 
Litter size 
Protein 12% 
No. born b 10.36 + .38 10.78 + .37 10.57 • .25 
No. at 21 d 7.41 • .32 8.08 • .31 7.74 + .22 
No. at 42 d 7.16 • .35 7.81 • .32 7.48 • .23 
Survival rate, % 68.71 • 3.1 72.98 • 3.1 70.8 • 1.9 
Protein 16% 
No. born 10.94 • .32 10.59 • .26 10.77  + .25 
No. at 21 d 8.12 • .28 8.36 • .31 8.24 • .22 
No. at 42 d 7.87 • .28 8.06 • .30 7.96 • .22 
Survival rate, % 72.78  • 2.24 76.13 • 2.34 74.4 + 1.9 
Choline main effects c 
No. born " 10.65 • .25 10.69 • .25 
No. at 21 d 7.76 • .22 8.22 • .22 
No. at 42d  7.51 + .23 7.93 + .22 
Survival rate, % 70.74 -+ 1.9 74.64 • 1.9 
Pig weight 
Protein 12% 
Wt at birth, kg 1.25 + .04 1.25 • .02 1.25 • .01 
Wt at 21 d, kg 4.69 • .13 4.84 + .13 4.74 • .08 
Wt at 42 d, kg 9.87 • .26 10.04 -+ .22 9.93 + .16 d 
Protein 16% 
Wt at birth, kg 1.25 • .03 1.28 • .03 1.26 + .01 
Wt at 2I  d, kg 4.69 + .11 4.82 • .09 4.74 • .08 
Wtat42  d, kg 9.99 • .21 10.26 + .22 10.11 • .16 
Choline main effects 
Wt at birth, kg 1.25 + .01 1.27 • .01 
Wtat21d ,  kg 4.67 • .08 4.81 • .08 
Wt at 42 d, kg 9.91 + .16 e 10.14 + .16 
Litter weight 
Protein 12% 
Wt at birth, kg 12.77 • .48 13.27 • .43 12.99 + .10 f
Wt at 21 d, kg 34.78 • 1.71 39.14 +1.88 36.87 • 1.26g 
Wt at 42 d, kg 70.68 • 3.68 78.40 • 74.38 + 2.56 h 
Protein 16% 
Wt at birth, kg 13.63 • .46 13.45 • .45 13.51 • .10 
Wt at 21 d, kg 38.45 • 1.73 40.41 +1.68 39.34 + 1.24 
Wt at 42 d, kg 78.08 + 3.66 82.22 • 80.16 • 2.51 
Choline main effects 
Wt at birth, kg 13.17 • .10 13.33 + .10 
Wt at 21 d, kg 36.53 • 1.24!. 39.68 • 1.25 
Wt at 42 d, kg 74.22 -+ 2.561J 80.14 • 2.51 
aA total of 94 and 95 gilts for the 12 and 16% protein treatments, respectively, was util ized in this study. 
bNumber of fully formed pigs. 
CA total of 93 and 96 gilts for the 0 choline and + choline treatments, respectively, was uti l ized in this study. 
dprotein main effect (P<.I  3). 
eCholine main effect (P<.14). 
fProtein main effect (P<.l) .  
gProtein main effect (P<.14). 
~J  
hprotein main effect (P<.05). 
1Choline main effect (P<. 12). 
JCholine main effect (P<.I) .  
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(Grandhi and Strain, 1981), did not show any 
improvement inweaning weight due to increased 
gestation choline levels. 
Dietary protein and methionine have been 
shown to spare completely choline for growth 
(Nesheim et al., 1949; Dyer and Krider, 1950; 
Firth et al., 1953; Kroening and Pond, 1967; 
Bryant et al., 1977; Russett et al., 1979b), and 
the increase in choline from soybean meal in 
the high protein diet increased ietary choline 
(865 vs 1,105 mg/kg for the low and high 
protein diets, respectively). Our data suggest 
that the choline effect was more evident in gilts 
fed a 12% protein diet than gilts fed a 16% 
protein diet, and that the effect was most 
evident at 42 d postpartum (table 3). Choline 
supplementation consistently had a greater 
effect in gilts fed a 12% protein diet than in 
those that were fed the 16% protein diet, 
although the protein • choline interaction was 
not significant for any traits measured. The 
increase in litter size at 21 and 42 d for gilts fed 
supplemental choline compared with the 
unsupplemental control was greater for gilts fed 
the 12% diet (.68 and .65 for 21 and 42 d, 
respectively) than for those fed the 16% diet 
(.24 and .19 for 21 and 42 d, respectively). 
Similarly, a trend for a larger choline effect on 
pig and litter weight was observed in gilts 
fed the 12% protein diet than for those fed the 
16% protein diet. The high level of choline 
increased litter weight at 21 and 42 d by 4.36 
and 7.72 kg, respectively, for gilts fed the 12% 
protein diet; whereas the high level of choline 
increased litter weights by only 1.9 and 4.2 kg 
at 21 and 42 d, respectively, in gilts that 
received the 16% protein diet. Our data suggest 
that, unlike the situation with growing pigs, the 
higher level of protein, methionine and(or) cho- 
line in gilts fed the 16% protein gestation diet 
only partially spared supplemented choline. 
Previous investigatiors have consistently ob- 
served an improvement in litter size in gestating 
swine fed 15% protein diets supplemented with 
choline (Kornegay and Meacham, 1973; Stock- 
land and Blaylock, 1974; NCR-41 Committee 
on Swine Nutrition, 1976; Grandhi and Strain, 
1981). Our data suggest hat the choline effect 
on reproductive performance may be even 
greater in swine fed a lower protein level during 
gestation. 
The effect of dietary protein during gesta- 
tion in swine fed corn-based iets has been 
extensively studied. Many investigators (Baker 
et al., 1970a,b; Hesby et al., 1970, 1972; 
Hawton and Meade, 1971) have demonstrated 
satisfactory gestation in swine fed a fortified 
corn diet. Likewise, the effect of gestation diets 
almost devoid of protein (Pond et al., 1968, 
1969; DeGeeter et al., 1972; Shields et al., 
1980) have had only small effects on gestation 
performance. It is evident that the dam can 
utilize tissue resources of amino acids for the 
developing fetus (Shields et al., 1985). Less 
clearly defined, however, is the carry-over 
effect of low gestation protein levels on subse- 
quent lactation performance of the dam. It has 
been clearly demonstrated that fortified, 
corn-based gestation diets resulted in decreased 
postpartum performance even though lactation 
diets met or exceeded NRC (1979) requirements 
(Rippel et al., 1965; Baker et al., 1970a,b; Haw- 
ton and Meade, 1971; Hesby et al., 1972; Ma- 
han, 1977). Mahan and Grifo (1975) observed a
linear increase in pig weight gain with increasing 
dietary lactation protein levels from 12 to 18% 
when the dam had received a vitamin-and 
mineral-fortified corn diet during gestation. 
Mahan and Mangan (1975) have further demon- 
strated an interactive effect on progeny per- 
formance in gilts fed either 9, 13 or 17% pro- 
tein diets during gestation and 12 or 18% pro- 
tein diets during lactation. Their results suggest 
that, if adequate or surplus protein is supplied 
in the lactation diet, litter gain would not be 
affected by dietary protein level, but if lactating 
swine are fed an inadequate lactation diet, 
previous gestation treatment becomes an 
important factor in subsequent litter perfor- 
mance. This response is consistent with the 
observations of the NCR-42 Committee on 
Swine Nutrition (1978), which observed a 
reduction in pig weight and gain at 14 d of age 
when a 9% protein gestation diet was used in 
combination with a 12% lactation protein level. 
No differences were observed when a minimum 
of 16% protein was fed during lactation, 
irrespective of gestation protein level. In 
contrast to these results, our studies suggest 
that a 16% protein sorghum-soybean meal diet 
during lactation was not sufficient o overcome 
the effect of feeding a 12% protein sorghum- 
soybean meal diet during gestation. The results 
of our studies suggest that the gestation protein 
requirement to ensure maximum reproductive 
performance in sows fed sorghum-soybean meal 
diets and an adequate protein diet during 
lactation may be higher than 12%. Other 
researchers using corn-soybean meal-based diets 
(Baker et al., 1970a; Mahan, 1979; Haye et al., 
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TABLE 4. THE EFFECT OF PROTEIN AND CHOLINE ON 




0 + 12% 16% 
No. gilts farrowing 94 
No. litter with one or more pigs 
with spraddle legs 8 
No. live pigs farrowed with spraddle legs 11 
94 94 94 
10 12 6 
12 13 10 
1981) have reported that  a 12% prote in gesta- 
t ion diet is suff icient for opt imum reproduct ive 
performance.  
The incidence of spraddle leg condi t ion was 
low and was not  affected by level of  d ietary 
chol ine or prote in  (table 4). A l though these 
f indings were in contrast  with the suggestions 
of Cunha (1968),  they are consistent with the 
observat ion of  Stockland and Blaylock (1974),  
NCR-42 Commit tee  on Swine Nutr i t ion (1976)  
and Grandhi  and Strain (1981),  who observed 
no effect of chol ine on the number  of  spraddle 
leg pigs. Likewise, Dodson (1971) was unable 
to prevent the spraddle leg condi t ion with 
either chol ine or meth ion ine  supplementat ion.  
The lack of signif icant repl icate x chol ine 
interact ion for any variable provides evidence 
that  the lower level of supplemental  chol ine 
used in trial 2 (551 mg/kg) was as effective as 
the higher level of  chol ine used in trial 1 (882 
mg/kg). Stockland and Blaylock (1974),  using 
corn-soybean meal  diets, indicated that  412 mg 
of supplemental  chol ine was equally as effective 
as 824 mg/kg. 
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